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0.  ASSTNACT  (CenllmM  an  rororoo  aid*  II  noeocano'  and  Idanllly  by  Mack  mmkar) 

The  use  of  non-potable  water  for  turf  Irrigation  ii«bs  investigated  at  the  USAF 
Academy.  From  the  time  of  its  construction  in  1960,  the  Elsenhower  Golf  Course 
h2»  been  irrigated  with  non-potable  water.  Soil  sanpling  began  in  1964. 
Elevated  levels  of  copper,  iron  and  ziix;  occurred  in  soils  fian  the  irrigated 
portions  of  the  golf  oourse.  Analysis  of  selected  sites  sampled  in  3 in^ 
increments  to  a depth  of  18  inches  or  in  6 inch  increments  to  a depth  of  36 
Inches,  indicates  a buildip  in  metal  oonoentration  which  is  inversely  propor>- 
tional  to  depth.  A change  in  the  species  ocnposition  of  the  turf  has  occurred; 
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land  application  as  a method  for  recycling  liquid  effluent  frcn 
^ nunic^pal  and  industrial  sewage  treatamnt  plants  is  of  current  interest.  . 

Hus  method  has  been  proposed  as  the  final  step  in  waste  vater  treatment 
because  (a)  water  is  reclaimed  into  the  natural  water  cycle,  (b)  where' 
irrigation  is  necassary  or  desirable  sewage  effluent  can  be  used  as 
irrigation  water,  therdy  reducring  the  demand  cn  primary  water  siipplies 
and  water  treatment  facilities,  and  (c)  land  application  has  potential 
I for  reducing  ocmnexcial  fertilizer  cxats  by  taking  advantage  of  the 

I 

nutrients  in  sewage  effluent. 

The  major  use  of  municipal  sewage  effluent  irrigation  has  been  in 
turf  grass  eureas,  such  as  imziicupal  parks,  golf  (xnjrses,  csemetaries, 
j and  hi^way  medians.  Many  U.S.  nuiicipalities  and  17  Air  Force  bases 

^ use  sewage  effluent  irrigation  (13) . However,  many  of  the  projecrts 

I 

that  have  been  initiated,  eveduate  the  use  of  sewzige  effluent  in  ^lgri- 
cultural  and  forest  irrigation  (8,9,11) . Other  studies  have  been 
(XnducTted  using  sewage  effluent  for  reclamation  of  disturbed  land  areas 
sxxdi  as  strip  mines  and  mine  spoils.  Some  of  these  stixUes  have  been 
designed  to  determine  the  effecrts  of  CTverland  flow  sewage  treatment  (3,7) . 

Nixnerous  exanples  have  Iseen  reported  where  effluent  irrigation 
caused  changes  in  soil  cxrrposition  and  in  soil  build  vp  of  veiter 
, inclusions  (5,10) . Some  of  these  soil  changes  are  acceptable  or  even 

desirable;  however,  in  some  erases  the  build  vp  has  resulted  in  the 
formation  of  nonproductive  soils  (4) . 

Even  where  well  or  river  water  has  been  used  for  agricultural 
irrigation  soil  build  vp  of  water  inclusions  is  a problem.  In  arid 
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xegicnB  high  evaporation  rates  may  aooelarate  surface  aocvmilaticn  of 
salts,  thus  requiring  a soil  flutfiing  procedure  to  renove  the  accvmula- 
ticns.  However,  nenagesent  practices  for  turf  grass  irrigation  do  not 
include  a fluiftiing  procedure.  Seuege  effluents  generally  contain  a 
diversity  of  inclusions  at  ocncentrations  not  fiouid  in  nonnal  irrigation 
t#ater.  Sone  of  these  inclusions  are  toxic  at  low  concentrations.  Sone 
of  then  have  been  denonstrated  to  be  biologically  concentrated  or  e^^ 
negnified  in  food  chains  (6) . 

Ihe  present  stud^  was  initiated  to  detemine  the  extent  of  salt  and 
accmulation  emd  to  evzduate  the  effects  that  have  occurred 
daring  16  yezurs  of  sewage  effluent  irrigation  on  turf  grass  at  the  O.S. 
Air  Force  Academy. 
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SITE  CESCKIFTICK 

Location  and  Cliimte^ 

The  Air  Force  Acadenv  ia  located  11  miles  nocth  of  Colorado  Springs 
in  El  Paso  Oocnty,  Colorado.  It  includes  17,900  acres  of  foothills  and 
plains  at  an  altitude  ranging  frcn  6,340  to  8,000  foet  on  the  eastern  • 
slope  of  the  Rodcy  ^l^lnt^uns  (Figure  1) . 

The  Air  Force  Acaden^  lies  in  an  area  where  a continental-type 
clinate  prevzdls;  the  sunners  axe  long  and  %iiarm,  and  the  vdnters  are 
diort  and  occaisionally  quite  cold.  The  atjnospheric  pressure  is  about 
76%  of  that  at  sea  level  and  the  humidity  averages  about  53.5%.  The 
prevailing  climate  is  charaKrterized  by  limited  and  erratic  rainfall, 
hi^  winds  in  the  late  fall  and  early  spring,  and  hi^  evaporation 
(Table  1) . Because  of  the  rain-shadow  effect  of  the  Continental  Divide, 
weather  is  changeable.  The  hi^  mountains  to  the  west  of  the  Academy 
block  the  atmospheric  moisture  originating  from  the  Pacific  Ocean  so 
that  the  primary  source  of  moisture  is  the  Gulf  of  Mexico.  The  trans- 
port of  atmoSb^iBi^ic  water  from  the  Gulf  into  central  Colorado  is  not 
consistent.  Consequently,  most  of  the  area  has  relative  la#  humidity 
and  low  precipitation. 

Average  annual  precipitation  is  17.5  inches  which  is  slightly  more 
than  a sendarid  climate.  There  is  a distinct  maxinun  average  in  the 
spring  and  surtmer  of  1.9  and  2.4  inches  per  mcxith,  re^)ectively,  and  a 
mininun  average  of  0.53  inches  per  month  in  the  winter.  The  winter 
m-Fnin»m  is  due  to  the  infreciuent  occurrence  of  northerly  moving  storms 

^A  ocnplete  description  of  the  location  and  climate  of  the  Air  Force 
Academy  h£is  been  reported  by  Vames  et  al.  (12) . 
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■Inyfvii  Survey  Professional  Paper  551.  United  States  Govexnnent  Printing  Office 
ihington  (referax*  12) . 


\Auch  bring  Gulf  moisture  to  the  region.  The  averzkge  annual  snwfall 
meeisures  66  inches  per  yeeu:.  The  viinter  aiows  2ure  preserved  on  the 
north  facing  slopes  vntil  the  warmer  spring  days  vhen  the  water  soaks 
into  the  ground  before  plant  growth  begins. 

gyring  and  sixmer  bring  nuch  more  frequent  movement  of  air  from 
the  south  and  more  solar  radiation  to  produce  convective  showers.  In 
13  years  of  record,  the  Izurgest  precipitation  was  2.9  inches  in  July, 
%hile  0.4  inches  was  recorded  for  the  January  average  (Table  1) . 

A large  portion  of  the  precipitation  occurs  in  short,  often  destruc- 
tive, cloud  bursts  thich  eure  generally  localized.  This  rainfedl  is  so 
rapid  that  most  of  the  moisture  is  lost  to  runoff.  Average  precipita- 
tion vcilues  eure  made  ip  of  many  years  slichtly  snnaller  than  normal  and 
a few  years  above  normal.  Most  years  will  be  below  the  average. 

Extremes  of  tenperature  (Table  1)  can  take  place  within  24  hours, 
but  extended  periods  of  subzero  weather  or  of  temperatures  ehove  100®F 
are  not  ooninon.  The  average  date  of  the  last  killing  frost  at  Colorado 
Springs  is  April  27,  and  of  the  first,  OcttAer  14.  The  ground  becomes 
fix)zen  about  November  30,  tut  the  depth  of  frost  penetration  depmids  on 
the  eoqposine  and  edtitude.  The  frost  goes  dewier  and  st^^  longer  on 
north  facing  slopes.  The  ground  freezes  to  a depth  of  2 feet  in  an 
average  winter  and  rarely  to  4 feet. 

Freeze  data  eu?e  dependent  vpon  miniiiun  tenperatures  which  can  vary 
considerably  over  short  distances  since  cold  air  tends  to  flcxir  down  to 
low  elevations  and  become  trapped.  Intense  cold  air  pools  can  form  in 
canyons,  river  vedleys  and  low  qpots  in  flat  terrain. 

Mean  wind  speed  at  the  Academy  is  9 knots,  ha»«ever,  wind  speeds 
can  be  hi^y  variable  (Table  2) . The  prevailing  vrind  direction  is 
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south-southeast.  In  the  inmedlate  lee  of  the  Rockies  a type  of  wind 
event,  knoun  as  a ChinocA,  is  frequently  experienced.  Measureroents  of 
the  wind  over  both  qpaoe  and  time  2u?e  1 imited  but  they  do  indicate  that 
^jeeds  exceed  60  iqph  severed  times  a year  and  it  is  possible  that  seme 
locations  occasionedly  exceed  100  iqph. 

Geology  and  Soils 

Precambricin  Pikes  Peak  Granite  forms  the  mouitains  of  the  Raiipeu:^^ 
Range  at  the  west  edge  of  the  Acadeny  area.  Ohe  predominant  bedrock 
within  the  Acadaiy  area  is  Dawson  Arkose  of  Cretaceous  and  Paleooene 
age.  The  Dawson  Arkose  consists  about  equally  of  coarse  arkosic  sand- 
stone and  of  interbedded  lenticuleu:  siltstone  and  clay. 

Uje  severed  stages  of  dawncutting  and  edleviation  have  produced 
gravel-covered  bedrock  surfeioes  at  three  levels.  Rennants  of  these 
pediments  that  trend  eeistweird  from  the  nountain  front  form  narrow 
fingerlike  meseis  at  two  levels  and  broader  vedleys  at  the  third  and 
youngest  level.  These  ridges  and  vadleys  terminate  at  the  principal 
line  of  drainage,  Monixnent  Creek,  vhich  flews  soutbinard  throu^  the 
eaistem  part  of  the  Acadeny  grounds. 

The  soil  type  anadyzed  has  been  reported  as  sandy  loam. 

A complete  description  of  the  geology  of  the  Air  Ptoroe  AcadetiY  site 
has  been  reported  by  Vames  ^ al.  (12) . 

Golf  Course  and  Irrigation  System 

The  Eisenhower  Golf  Course  is  located  in  South  Ldman  Valley  at  the 
Acadeny  (Figures  1 and  2) . The  first  course  was  opened  in  1960  with  18 
holes  and  a driving  range  (Figure  3) . In  construction  of  the  course , 
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provision  was  made  for  sprinkler  irrigation  with  non-potable  %eiter. 
Modification  in  1975  relocated  ^rinJcler  heads  in  order  to  avoid  irriga- 
tion of  trees  in  a nurber  of  areas  and  to  more  efficiently  distribute 
water  in  turf  areas.  Irrigation  with  non-potable  water  has  been 
continuous  on  this  course  since  the  system  was  2u:tivated  in  1960. 


Irrigation  Water  Source 

Irrigation  water  for  tlie  golf  course  originates  from  the  Air  Force 
Academy  Sewcige  Treatment  Plant.  The  plant  includes  both  full  primary 
and  seoondcuy  treatment  (1) . Sewage  effluent  is  pimped  seguentiedly 
throu^  a series  of  non-potable  reservoirs.  These  have  been  identified 
as  non-potable  reservoirs  1,  2,  3,  and  4,  as  defined  by  the  pimping 
sequaice  (Figure  2) . Reservoirs  1 and  2 are  seriated.  Water  for  golf 
course  irrigation  is  taken  from  non-potable  reservoir  2. 


Plant  ^)ecies  on  the  Eisenhower  Golf  Oourse 

The  domir  ant  tree  species  on  the  golf  oourse  in  Ponderosa  Pine 
(Pinus  ponderosa) . Fedrvays  have  been  seeded  with  oomrnon  bluegrass 
(Poa  pratensis) , redtop  (Agrostis  alba)  and  colonial  bentgrass  (Agrostis 
tenuis) . Greens  and  tees  have  been  seeded  with  seeiside  b^tgrass 
(Agrostis  palustris) . 

Repeated  botaniceil  observations  have  been  made  ly  Air  Force  Academy 
personnel  (unpublished  data) . These  observations  have  indicated  a 
graducd  shift  of  species  density  on  greens,  tees,  and  fzdrways  from  the 
preferred  seeded  perennial  grasses  to  the  less  desirable,  shallow  rooted 
annued  bluegreiss  (e.g. , Poa  annua) . In  fact,  it  is  estimated  that  some 
areas  are  now  more  than  90%  annual  bluegrass. 
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SAMPLING  PROrrOOQL  AM)  ANALmCAL  RESULTS 


Water  OoBqpositlon 

In  1975  a water  sanpling  program  weis  initiated  for  the  Acadary  Golf 
Course.  Sanples  were  draun  fion  the  irrigatiGn  system  during  a pei:iod 
of  active  irrigation.  These  sanples  were  analyzed  by  the  USAF 
Occipational  and  Environmental  Heedth  Laboratory,  Kelly  AFB,  Texas,  and 
the  results  eure  presented  in  Table  3. 

water  j^lication  Rates 

Althou^  quantitative  explication  rates  for  irrigation  %4ater  are 
not  available,  the  following  estimate  has  been  provided  by  the  Golf 
Course  Svper  intendent : 

a.  Approxinately  110  acres  of  the  golf  course  eue  irrigated. 

b.  There  are  753  sprinkler  heads  used  to  irrigate  the  golf 

course. 

c.  Each  sprinkler  head  output  is  28  gallons  per  minute. 

d.  Each  sprinkler  head  runs  exproximately  15  minutes  per  night 
for  approximately  180  days  per  yeeu:. 

2 

e.  The  annucd  irrigation  rate  is  1.58  acre  feet  per  yeeu:  . 


Nutrient  iXplication  Rates 

Estimated  explication  rates  for  the  nutrient  content  of  the  irriga- 
tion water  are  given  in  Table  4^.  They  aue  presented  only  to  give  an 
"order  of  negnitude”  estimate  for  the  rate  of  application. 


^The  calculation  for  water  explication  rate  is  as  foUcws: 

(753  heeds)  (28  gal/min/h^)  (15  min/clay)  (180  days/yr)  t (llo  acres) 
517,516  gal/acre/yr 

517,516  gal/acre/yr  r 328,012  gal/acre  ft  = 1.577  acre  ft/yr 

^Ihe  calculation  for  water  inclusions  is  in  pounds  per  eK:re  per  year. 
Note  that  they  aue  beused  on  only  three  water  samples  and  the  estimated 
%ater  application  rate. 
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Table  3.  Irrigation  Hater  Aneilysis 


Test  Run 

mmta 

20  Oct  75® 

20  Oct  75® 

Average® 

Ammonia  Nitrogen 

19 

<0.2 

17.5 

12.2 

Cachiivxn 

<0.01 

<0.01 

<0.01 

<0.01 

Chemical  Oxygen  Demand 

28 

11 

33 

24 

Chlorides 

28 

28 

24 

27 

Chromium  (Hexavalent) 

<0.01 

<0.01 

<0.01 

<0.01 

Chromiun  (Toted) 

<0.05 

<0.05 

<0.05 

<0.05 

Color 

25  units 

20  units 

20  units 

22  units 

Copper 

<0.02 

<0.02 

<0.02 

<0.02 

Cyeuiides 

<0.01 

<0.01 

<0.01 

<0.01 

Dissolved  Solids 

189 

242 

318 

250 

Flix)rides 

0.5 

0.6 

1 

0.7 

Ircxi 

0.33 

0.12 

0.2 

0.22 

Lead 

<0.05 

<0.05 

<0.05 

<0.05 

Manganese 

0.2 

<0.05 

<0.05 

0.1 

Mercury 

<0.005 

<0.005 

<0.005 

<0.005 

Nitrates 

<1 

1 

50 

17 

Nitrate  Nitrogen 

<0.02 

0.07 

0.07 

0.05 

Oils  and  Greases 

0.4 

0.6 

0.6 

.53 

Phenols 

0.205 

0.03 

<0.001 

0.079 

Phosphates 

23.5 

18.2 

18.8 

20.2 

Silver 

<0.01 

<0.01 

<0.01 

<0.01 

Sulfates 

32 

35 

34 

34 

Surfactants 

0.5 

0.3 

0.2 

0.3 

Total  Orgcinic  Carbcai 

10 

2 

14 

9 

Turbidity 

2 units 

4 units' 

4 units 

3 units 

Zinc 

0.05 

0.1 

0.05 

0.07 

®A11  results  in  mg/1  unless  othervdse  noted. 
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Table  4.  Nutrient  ^iplicaticn  Rate  Estimates 

Test  Run 

Witrient® 

Application  Rate 
Ib/acre/yr 

Aiunonia  Nitrogen 

52.6 

Cekimiun 

0.04 

Chemical  Oxygen  Demand 

— 

Chlorides 

116 

Chrcmiixn  (Hexavalent) 

0.04 

Chrcmiun  (Ttoteil) 

0.22 

Color 

— 

Copper  • 

0.09 

cyanides 

0.04 

Dissolved  Solids 

1,077 

Fluorides 

3.0 

Iron 

0.95 

Lead 

0.22 

Manganese 

0.4 

Mercury 

0.022 

Nitrates 

73 

Nitrite  Nitrogen 

0.22 

Oils  and  Greases 

22.8 

Phenols 

0.340 

Phosphates 

87.1 

Silver 

0.04 

Sulfates 

147 

Surfactants 

1.3 

Total  Organic  Carbcr 

39 

Turbidity 

— 

Zitx: 

0.30 

®To  determine  the  amount  of  chemical  effluent  d^)osited 

in  Ib/acre/year,  the  water  cxjncentrations  obtained  by 
analysis  at  the  Environmental  Health  Laboratory  at 
Kelly  AFB  axe  treated  as  follCMS: 

(n^  of  chemical/1) (.001  q/mg) (.0022  Ib/g) (1,959,012 
1/acre/year)  = lb  of  <hemic2LL/eK;re/year 
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Soil  Anedysis 

Soil  esialysis  data  cure  avciilable  since  1964  for  turf  areas  (greens, 
tees  and  fairways) . All  soil  analyses  except  those  oonducted  in  1971 
and  1972  were  performed  by  the  Cooperative  Extension  Servioe  and 
Experimental  Station  Soil  Testing  Laboratory,  Colorado  State  University, 

Port  Collins,  Colorado.  The  1971  and  1972  sanple  analyses  were  per^ 
fonted  by  the  Turf  Service  Bureau,  Sewage  Oomnission,  City  of  Milwaukee, 

I Wisconsin. 

■I\go  sampling  techniques  have  been  enployed  for  the  collection  of 

i 

i soil  samples.  Fran  1964  throu^  1975,  ocnposite  samples  were  tcOcen  to 

a 3 inch  depth  using  a 1 inch  diameter  soil  probe.  The  results  aue 
' presented  in  Table  5.  Soil  samples  taJcen  on  greens,  tees,  and  fadxvrays 

in  late  1975  and  1976,  were  taken  with  a 3 inch  diameter  soil  auger. 

i' 

In  1975  the  samples  were  collected  to  a depth  of  36  inches  in  3 inch 
' increments  and  to  a depth  of  12  inches  in  1976.  These  results  are 

shewn  in  Table  6. 

i:  Soil  samples  were  also  taken  from  adjacent  forested  areas  with  the 

J soil  auger.  In  1975,  the  samples  were  taken  in  6 inch  increments  to  a 

i;j 

depth  of  36  inches.  In  1976,  the  samples  were  taken  in  3 inch  increments 
to  a depth  of  18  inches.  The  results  of  these  samples  aire  shewn  in 
i i Table  7.  The  results  labeled  control  in  Table  7a  are  frem  a non- 

t irrigated  naturail  forest  site.  The  samples  labeled  fresh  water  control 

I i in  Table  7b  are  from  a fresh  water  irrigated  site  on  the  Academy  grounds. 

[ All  other  samples  (Table  7)  are  from  sites  which  have  been  under  irriga- 

I tion  since  1960  and  which  shew  stress. 
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Table  5a.  Golf  Course  Irrigated  Turf  Areas  as  a Function  of  Uocation  (Tees) 


Table  5b.  Oontinued 


Year 

1965 

1966 

1968 

1971 

1972 

1973 

1975 

1975 

Depth 

(inches) 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

pH  1:5 
pH  (pciste) 

7.8 

6.3 

5.7 

5.7 

6.5 

6.9 

7.1 

6. a 

Salts, 

nnhos/cm 

.9 

1.1 

.8 

1.0 

2.9 

1.0 

Nitrates 

(PPn) 

2 

2 

90+ 

P2O5  (ppm) 

P (ppm) 

84 

•96 

150f 

465 

305 

65 

80+ 

80+ 

(ppm) 

K (ppm) 

90 

225 

258 

380 

1220 

500+ 

500+ 

380 

Zn  (ppm) 

10. Dt 

9.99+ 

9.99+ 

9.99+ 

Pe  (ppm) 

Mg  (ppm) 

40. Of 

970 

1260 

40.0+ 

40.0+ 

40.0+ 

Na  (ppm) 

330 

Chlorides 

250 

Sulfates 

Trace 

Gypsum 

.9 

Cu  (ppm) 

4.6 

Lime 

0.0 

0.0 

LObf 

Low 

Low 

Low 

Organic 
Matter (%) 

5.8 

4.1 

11.0 

5.0+ 

5.7 

.4*3 

Ca  (ppm) 

3200 

13200 

!! 

ij 
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Table  5d.  Golf  Course  Irrigated  Turf  Areas  eus  a 
Function  of  Location  (Green  #2) 


Year 

1965 

1966 

1968 

1971 

1972 

1973 

1975 

1975 

Depth 

(inches) 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

pH  1:5 
pH  (paste) 

8.1 

6.6 

5.8 

5.8 

6.5 

7.1 

6.9 

7.2. 

S^dts, 

nnhos/cm 

.7 

1.3 

1.4 

1.0 

2.6 

1.2 

Nitrates 

(ppm) 

2 

1 

99+ 

P2O5  (ppm) 

P (ppm) 

92 

•77 

150+ 

435 

315 

69 

80+ 

80+ 

K2O  (ppn) 

K (ppm) 

85 

148 

270 

380 

1325 

500+ 

500+ 

434 

Zn  (ppm) 

10.0+ 

9.99+ 

9.99+ 

9.99+ 

Pe  (Hpm) 
(ppm) 

40.0+ 

950 

1260 

40.0+ 

40.0+ 

40.0+ 

Na  (ppm) 

330 

Chlorides 

250 

SiiLfates 

Trace 

Gypsun 

.9 

Cu  (ppm) 

6.5 

Lime 

0 

0 

Low 

Lew 

Low 

Lew 

Organic 
Matter (%) 

4.7 

4.5 

10.6 

5.0+ 

5.2 

6.7 

Ca  (ppm) 

3350 

12600 

22 
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Table  5e.  Golf  Course  Irrigated  Turf  Areeis  as  a 
Function  of  Location  (Green  #3) 


Year 

1965 

1966 

1968 

1971 

1972 

1973 

1974 

1975 

1975 

Depth 

(inches) 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

pH  1:5 

6.8 

6.5 

• 

pH  (pciste) 

5.5 

5.7 

6.3 

7.0 

6.5 

9.1 

Salts, 

nnhos/csn 

.9 

1.4 

1.0 

1.1 

2.9 

.6 

Nitrates 

(PF*n) 

16 

90 

P2O5  (ppm) 

P (ppn) 

82 

92 

150f 

575 

315 

67 

80+ 

80+ 

K2O  (ppm) 

K (ppnO 

75 

198 

253 

480 

1325 

490 

500+ 

368 

Zn  (jpm) 

10+ 

9.99+ 

9.99+ 

9.99+ 

Fe  (ppm) 

Mg  (ppm) 

40.0+ 

850 

1260 

40.0+ 

40.0+ 

40.0+ 

Na  (ppm) 

240 

Chlorides 

250 

Sulfates 

Trace 

G^psixn 

.9 

Cu  (ppm) 

8.9 

Lime 

0 

0 

Lew 

Lew 

Low 

Lew 

Organic 

Matter(%) 

5.9 

5.1 

10.4 

5.0+ 

6.4 

7.0 

Ca  (ppm) 

2700 

16200 
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Table  5f . Golf  Course  Irrigated  Turf  Areas  as  a 
Function  of  Location  (Green  #4) 


Year 

1965 

1966 

1968 

1971 

Depth 

(inches) 

0-3 

0-3 

0-3 

0-3 

pH  1:5 
pH  (paste) 

6.4 

6.4 

5.4 

5.45 

Salts, 

mrhos/an 

1.4 

1.1 

1.0 

Nitrates 

(ppm) 

P2O5  (ppm) 

P (ppm) 

94 

■76 

150 

465 

K2O  (ppm) 

K (ppm) 

95 

163 

500+ 

320 

Zn  (ppm) 

10+ 

Fe  (ppm) 

Mg  (ppm) 

40.0+ 

800 

Na  (ppm) 

210 

Chlorides 

250 

Sulfates 

Gypsvm 

Cu  (ppm) 

Lime 

0 

.1 

Low 

Trace 

Organic 

5.6 

4.4 

9.2 

Matter (%) 
Ca  (ppm) 


1972 

1973 

1974 

1975 

1975 

0-3 

0-3 

0-3 

0-3 

0-3 

6.8 

6.3 

6.7 

6.9 

1.4 

2.0 

1.8 

30 

3 

98 

315 

61 

80+ 

76 

890 

445 

500+ 

343 

9.99+ 

9.99+ 

9.99+ 

40.0+ 

40.0+ 

40.0+ 

800 

.9 

4.9 

Lew 

Lew 

Lew 

3.7 

7.0 

4.5 

2400 


4800 


Year 

1965 

1966 

1968 

1971 

1972 

1973 

1975 

1975 

Depth 

(inches) 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

' 

pH  1:5 

6.8 

6.5 

6.9  , 

‘ » 

pH  (paste) 

5.5 

5.4 

6.4 

6.8 

6.6 

? ■ 

il. 

Salts, 

mrhos/an 

1.3 

1.5 

1.0 

1.3 

3.0 

.6  j 

Nitrates 

(E?*n) 

6 

3 

” 1 

1 

j ' 

P20g  (ppm) 

P (ppm) 

79 

77 

150+ 

445 

445 

69 

80+ 

74  j 

i, 

1 

K2O  (fpm) 

K (ppm) 

70 

165 

500+ 

285 

1325 

490 

500+ 

317  i 

1 

Zn  (ppm) 

10+ 

9.99+ 

9.99+ 

9.99+ 

1 

j 

Fe  (ppm) 

Mg  (ppm) 

40.0+ 

900 

1390 

40.0+ 

40.0+ 

40.0+  d 

' 1 

1 

1 

:j 

Na  (ppm) 

250 

' 

Qilorides 

250 

I 

i 

Sulfates 

Trace 

i 

G/psun 

•9 

i 

1 

Cu  (ppm) 

3.6  Ij 

Lime 

0 

0 

Lew 

Lew 

Low 

Low 

1 

OrgeuxLc 

Matter(%) 

4.9 

4.9 

8.0 

5.0 

7.0+ 

4.1 

f 

:i 

Ca  (ppm) 

2300 

11700 

i ' 

j 

1 • 

M 

li 

1 

,j  ‘ 

ii 

1; 

■ii 

:i 

i 

■j 

i 

25 

1 

i 

1 

i 

! 

i 

1 i 
i ] 

. 1 ' 

1 

' i 

1 

''M 

[ 

f ! 
> 

' i 
1 ' 
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Table  5h.  Golf  OouxBe  Irrigated  Turf  Areas  cis  a 
Function  of  Location  (Green  #6) 


Year 

1965 

1966 

1968 

D^th 

(inches) 

0-3 

0-3 

0-3 

pH  1:5 
pH  (paste) 

6.8 

6.7 

5.5 

SelltS, 

imbos/cm 

1.1 

1.3 

1.0 

Nitrates 

(ppn) 

P2O5  (ppn) 

P (ppn) 

73 

• 72 

150+ 

K2O  (ppm) 

K (ppm) 

75 

143 

500+ 

Zn  (ppn) 

10+ 

Pe  (ppm) 

Mg  (ppm) 

Na  (ppm) 

Chlorides 

40.0+ 

Sulfates 

Gypsum 

Cu  (ppm) 

Lime 

.1 

.1 

Low 

Organic 

4.9 

4.9 

8.0 

Matter(%) 
Ca  (ppn) 


1971 

1972 

1973 

1975 

1975 

0-3 

0-3 

0-3 

0-3 

0-3 

7.0 

5.8 

6.6 

« 

0 

6.4 

1.0 

2.8 

.9 

4 

2 

80 

435 

375 

61 

80+ 

76 

320 

1010 

403 

50O¥ 

303 

9.99+ 

9.99+ 

9. .99+ 

40.0+ 

40.0+ 

40.0+ 

1000  1390 

300 

250 

Trace 

.9 


3.6 

liCW 

Low 

Low 

5.0+ 

6.2 

4.1 

j 

\ 


3100  15400 


II 
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Table  5j.  Qolf  Course  Irrigated  Turf  Areas  as  a 
Function  of  Location  (Green  #8) 


Year 

1965 

1966 

1968 

1970 

1971 

1972 

1973 

1975 

1975 

Depth 

(Inches) 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

pH  1:5 

6.4 

6.8, 

7.0 

pH  (paste) 

5.4 

7.1 

5.55 

6.7 

6.9 

7.5 

S^dts, 

mrhos/csn 

1.0 

1.1 

.9 

.7 

1.1 

1.4 

1.0 

Nitrates 

(E?»n) 

4.8 

5 

30 

90 

P2O5  (ppn) 

P (pixn) 

77 

60 

150t 

57 

450 

415 

64 

80+ 

70 

K2O  (ppm) 

K (ppm) 

70 

138 

500+ 

105 

400 

1550 

500t 

500+ 

429 

Zn  ippan) 

10+ 

6.95 

9.99+ 

9.9^ 

9.99+ 

Pe  ippm) 

Mg  (ppm) 

40.0+ 

40.0+ 

770 

1320 

40.0+ 

40.0+ 

40.0+ 

Na  (ppm) 

240 

Chlorides 

250 

SiHfates 

Trace 

Gypjsxm 

<1.0 

.9 

Cu  (ppm) 

4.5 

Lime 

.2 

0 

Lew 

Lew 

Lew 

Lew 

Organic 
Matter (%) 

6.0 

.4 

11.0 

5.0+ 

5.5 

5.8 

Ca  (Rin) 

2600 

14200 
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Year 

1965 

1966 

1968 

1971 

1972 

1973 

1975 

1975 

D^>th 

(inches) 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

pH  1:5 
pH  (paste) 

7.8 

6.5 

6.2 

6.0 

6.5 

7.0 

7.6 

7.0  j 

Salts, 

imhos/cin 

1.2 

1.3 

1.2 

.9 

1.0 

1.3  j 

Nitrates 

(ppn) 

1 

9 

99+ 

1 

P2O5  (ppm) 

P (ppm) 

105 

■70 

150+ 

420 

395 

58 

80+ 

79  1 

K2O  {ppnO 

K (ppm) 

113 

203 

463 

660 

1475 

445 

500+ 

( 

457 

Zn  (E^xn) 

10+ 

9.99+ 

9.99+ 

9.99+ 

Fe  (ppm) 

Mg  (ppm) 

40.0+ 

880 

1260 

40.0+ 

40.0+ 

40.0+  i 

> 

Na  (ppm) 

340 

!: 

I 

Chlorides 

250 

1 

Sulfates 

Trace 

f 

Gypsum 

.9 

Cu  (ppm) 

6.4 

Lime 

.2 

0 

Lew 

Lew 

Lew 

Lew 

Orgcinic 
Matter (%) 

5.5 

3.3 

9.0 

5.0 

5.4 

5.5 

Ca  (ppm) 

3200 

12800 

29 


Year 

1964 

1966 

1968 

1971 

1972 

1973 

1975 

1975 

Depth 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

(inches) 

■ 

pH  1:5 

6.0 

6.6 

7.0 

1 

pH  (paste) 

5.5 

6.1 

6.3 

6.6 

7.3 

1 

Salts, 

.6 

1.3 

1.1 

1.2 

1.7 

.4 

1 

mnhos/m 

. 

Nitrates 

16 

10 

96 

(Ff*n) 

P2O5  (ppm) 

70 

. 81 

150+ 

P (ppm) 

390 

395 

64 

80+ 

76 

!• 

K2O  (ppm) 

40 

213 

500+ 

325 

1565 

( 

K (ppm) 

500+ 

500+ 

406 

Zn  (ppm) 

10+ 

9.99+ 

9.99+ 

9.99+ 

Fe  (ppm) 

40.0+ 

40.0+ 

40.0+ 

40.0+ 

Mg  (ppm) 

1000 

1460 

Na  (ppm) 

270 

, 

. ' 

Chlorides 

250 

Sxilfates 

Gypsvan 

.9 

Cu  (ppm) 

4.9 

Lime 

.4 

.2 

Low 

ICM 

Lcm 

Organic 

2.7 

5.3 

8.8 

5.0+ 

4.3 

5.3  1 

Matter (%) 
Ca  (pptn) 


3100  13600 


Table  Sm.  Golf  C3ourse  Irrigated  Turf  Areeis  as  a 
Functicjn  of  Location  (Green  #11) 


Year 

1964 

1966 

1968 

1971 

1972 

1973 

1975 

1975 

D^th 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

(inches) 

pH  1:5 

6.5 

6.6 

6.9 

« 

pH  (paste) 

5.6 

5.8 

6.4 

6.9 

7.4 

SclltS, 

.4 

1.4 

1.4 

1.0 

1.4 

.9 

nnhos/an 

Nitrates 

2 

94 

99+ 

(FPn) 

(ppm) 

110 

86 

150f 

P (ppnO 

415 

475 

61 

80+ 

71 

K2O  (pgm) 

35 

175 

220 

335 

1500 

K (ppm) 

425 

500+ 

420 

Zn  (Hxn) 

10+ 

9.99+ 

9.99+ 

9.99+ 

Pe  (ppm) 

40.0+ 

40.0+ 

40.0+ 

40.0+ 

Mg  (ppn) 

1010 

1260 

Na  (ppm) 

350 

Chlorides 

250 

Sulfates 

Trace 

Gyp)Siin 

.9 

Cu  (ppm) 

7.6 

Lime 

.1 

.2 

Low 

low 

Low 

Lew 

Organic 

3.7 

2.7 

13.6 

5.0+ 

6.5 

6.2 

Matter (%) 

Ca  (ppm) 

2800 

12600 

r' 


! 


H 

' I 


|, 


Table  5q.  Golf  Course  Irrigated  Turf  Areas  as  a 
Function  of  Location  (Green  #15) 


Year 

1964 

1966 

1968 

Depth 

(inches) 

0-3 

0-3 

0-3 

pH  1:5 
pH  (paste) 

6.6 

6.8 

5.5 

Salts, 

ramhos/cm 

.5 

1.5 

.8 

Nitrates 

(ppn) 

P2O5  (ppn) 

P (ppm) 

58 

• 92 

150+ 

KjO  (ppn) 

K (ppn) 

35 

258 

185 

Zn  (ppm) 

10+ 

Fe  (ppm) 

Mg  (ppm) 

Na  (ppm) 

Chlorides 

40. Of 

Sxilfates 

Gypsum 

Cu  (ppm) 

Lime 

.2 

.6 

Lew 

Organic 

3.3 

4.4 

9.6 

Matter (%) 
Ca  (ppn) 


1971 

1972 

1973 

1975 

1975 

0-3 

0-3 

0-3 

0-3 

0-3 

6.6 

« 

4.8 

6.8 

6.6 

7.2 

1.2 

3.2 

.7 

14 

90+ 

99+ 

310 

425 

65 

80+ 

80+ 

285 

1220 

415 

500+ 

395 

9.99+ 

9.99+ 

9.99+ 

40.0+ 

40.0+ 

40.0+ 

600  1320 

160 
250 
Trace 

.9 


8.2 

Lew 

Lew 

Lew 

5.0+ 

5.3 

7.0 

1650  12100 


ij 


Ij 


j 

i 
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Table  5r.  Golf  Course  Irrigated  Turf  Areets  as  a 1^ 

Functicm  of  Location  CGreen  #16) 


Year 

1964 

1966 

1968 

1971 

1972 

1973 

1975 

1975 

Depth 

(inches) 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

pH  1:5 
pH  (paste) 

6.0 

6.6 

5.5 

5.7 

6.3 

6.8 

6.9 

6.6 

Salts, 

ninhos/an 

.6 

1.4 

.9 

1.1 

3.1 

1.6 

Nitrates 

(Ff*n) 

4 

1 

99+ 

P2O5  (ppm) 

P (Ffm) 

22 

• 93 

15(>f 

465 

395 

64 

80+ 

80+ 

K2O  (ppm) 

K (ppm) 

33 

193 

50(>f 

245 

1025 

365 

500+ 

446 

Zn  (ppm) 

lOf 

9.99+ 

9.99+ 

9,99+ 

Pe  (Rin) 

Mg  (ppm) 

40.0+ 

800 

1390 

40.0+ 

40.0+ 

40.0+ 

Na  (ppm) 

260 

Chlorides 

250 

Sulfates 

Trace 

Gypsum 

.9 

Cu  (ppm) 

8.2 

Lime 

.1 

.2 

Low 

Low 

Lew 

Lew 

Organic 

2.4 

4.6 

13.6 

5.0+ 

5.0 

7.0 

Matter (%) 
Ca  (ppm) 


2450  12800 


Table  5s.  Golf  Course  Irrigated  Turf  Areeis  as  a 
Function  of  Location  (Green  #17) 


Year 

1964 

1966 

1968 

1970 

1971 

1972 

1973 

1975 

1975 

:f! 

<■.1 

Depth 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

(inches) 

pH  1:5 

6.6 

6.4 

• 

6.7 

pH  (paste) 

5.2 

7.2 

5.4 

6.6 

6.4 

7.1 

Scdts, 

.4 

1.1 

.9 

.5 

1.4 

2.5 

.9 

imhos/an 

Nitrates 

7.0 

25 

68 

99+ 

(ppn) 

PpO^  (ppn) 

24 

77 

150+ 

P (ppn) 

61.5 

475 

445 

69 

80+ 

80+ 

K2O  (ppm) 

50 

153 

298 

245 

1025 

K (ppm) 

95 

483 

500+ 

349 

! 

Zn  (ppm) 

lOf 

10+ 

9.99+ 

9.99+ 

9.99+ 

Fe  (ppm) 

40.0+ 

40.0+ 

40.0+ 

40.0+ 

40.0+ 

Mg  (ppm) 

800 

1520 

i 

Na  (ppm) 

240 

J 

Chlorides 

250 

Sulfates 

Trace 

Gypsvm 

<1.0 

.9 

: 

Cu  (ppm) 

4.9 

Lime 

.1 

.1 

I/M 

0 

Low 

Law 

Low 

Organic 

1.8 

4.4 

11.9 

4.3 

5.0+ 

5.4 

6.2 

Matter (%) 
Ca  (ppn) 


1650  11500 


Table  5t.  Golf  Course  Irrigated  Turf  Areas  as  a 
Function  of  Location  (Green  #18) 


Year 

1964 

1966 

1968 

1971 

1972 

1973 

1975 

1975 

Depth 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

(inches) 

pH  1:5 

6.7 

6.4 

6.7 

. pH  (paste) 

5.9 

5.4 

6.6 

6.6 

7.4 

Salts, 

.5 

1.1 

1.0 

.7 

2.6 

.8 

imhos/cm 

Nitrates 

6 

15 

99+ 

(ppn) 

PjOs  (ppm) 

47 

80 

150+ 

j P (ppm) 

385 

415 

58 

80+ 

80+ 

K2O  (ppm) 

45 

208 

360 

385 

1475 

K (ppm) 

225 

500+ 

413 

Zn  (ppm) 

10+ 

8.35 

9.99+ 

9.99+ 

Pe  (ppm) 

40.0+ 

40.0+ 

40.0+ 

40.0+ 

**  Mg  (ppm) 

775 

1390 

Na  (ppm) 

220 

^1  Chlorides 

250 

||  Sulfates 

Trace 

Gypsixn 

|!  Cu  (ppm) 

6.1 

i'  Lime 

.2 

.1 

Low 

Low 

Low 

Lew 

Qrgamic 

2.8 

4.9 

8.6 

4.0 

6.3 

6.7 

Matter (%) 


Ca  (ppm) 


rj 


2400  8400 


Table  6a.  Golf  Course  Irrigated  Turf  Areas  as  a 
Function  of  Depth  of  Sanple  (Tee  17) 


Year 

1976 

1976 

1976 

1976 

Depth  (inches) 

0-3 

3-6 

6-9 

9-12 

pH  1:5 

6.6 

6.6 

6.6 

6.8 

Seilts,  mnhos/on 

1.2 

.5 

.7 

.6 

Nitrates  (ppm) 

16 

6 

7 

4 

P (ppm) 

130 

41 

39 

16 

K (ppn) 

195 

93 

93 

55 

Zn  (ppm) 

26.7 

1.8 

1.3 

.8 

Fe  (ppm) 

183.2 

38.2 

37.7 

16.3 

Cu  (ppm) 

3.95 

.57 

.53 

.26 

Lime 

Lew 

Low 

Low 

Lew 

Organic  Matter  (%) 

6.5 

1.6 

1.1 

.5 

Mn  (ppm) 

10.0 

3.4 

5.7 

3.5 

Table  6b.  Golf  Course  Irrigated  Turf  Arecis  as  a 
Functicn  of  Depth  of  Sanple  (Fairway  17) 


Year 

1976 

1976 

1976 

1976 

Depth  (inches) 

0-3 

3-6 

6-9 

9-12 

pH  1:5 

6.7 

6.9 

7.2 

6.8 

Salts,  mrhos/cm 

.9 

.9 

.8 

1.9 

Nitrates  (ppm) 

12 

8 

8 

8 

P (ppm) 

N/A 

64 

19 

25 

K (ppm) 

220 

133 

93 

95 

Zn  (ppm) 

14.4 

2.3 

1.0 

1.7 

Fe  (ppm) 

168.3 

73.8 

31.0 

44.8 

Cu  (ppm) 

2.6 

.79 

.46 

.77 

Lime 

Lew 

Lew 

Lew 

Low 

Organic  Matter  (%) 

6.1 

1.3 

.9 

1.3 

(ppm) 

11.3 

7.3 

8.5 

6.0 

Table  6c.  Golf  Course  Irrigated  Turf  Areas  as  a 
Function  of  Depth  of  Sanple  (Green  15) 


Year 

1975 

1975 

1975 

1970 

Depth  (inches) 

0-2.5 

2.5-5 

0-5 

5-10 

i pH  1:5 

6.5 

6.8 

6.6 

6.3 

Salts,  ntnhos/an 

.8 

.9 

.8 

.4 

Nitrates 

99+ 

91 

77 

24 

j P (ppn) 

71 

60 

53 

21 

1 K (H*n) 

373 

282 

246 

117 

! Zn  (ppn) 

9.99+ 

9.99+ 

9.99+ 

1.1 

j Fe  (ppm) 

40.0+ 

40. Of 

40.0+ 

34.4 

Qypsun 

.9 

.9 

.9 

.9 

Cu  (ppm) 

1.6 

4.2 

4.7 

.42 

Lime 

Lew 

Lew 

Lew 

Lew 

Organic  Matter  (%) 

6.7 

4.3 

3.5 

1.2 

1 

! 

j Table 

6d.  Golf  Course  Irrigated  Turf  Areas 
Function  of  D^Jth  of  Sanple  (Green  16) 

as  a 

Year 

1976 

1976 

1976 

1976 

Depth  (inches) 

0-3 

3-6 

6-9 

9-12 

pH  1:5 

6.8 

6.8 

6.7 

6.2 

Salts,  imhos/an 

.7 

.5 

.6 

1.1 

Nitrates 

(ppn) 

18 

9 

8 

9 

P (ppm) 

73 

64 

34 

26 

K (ppm) 

325 

200 

210 

170 

Zn  (ppm) 

35.5 

3.5 

2.2 

3.4 

Fe  (ppm) 

164.3 

93.2 

40.7 

58.9 

Cu  (ppm) 

7.84 

1.04 

.61 

1.14 

Lime 

Lew 

Lew 

Low 

Lew 

Organic  Matter  (%) 

6.5 

2.1 

1.9 

1.4 

Ml  (ppm) 

4.5 

1.9 

9.4 

11.7 

li' 

h : 40 


Table  6e.  Golf  Course  Irrigated  Turf  Areeis  as  a Function  of 
Depth  of  Sanple  (Turf  B^iind  Green  16) 


Year 

1975 

1975 

Depth  (inches) 

0-6 

6-12 

pH  1:5 

6.4 

7.2 

Salts,  nnhos/csn 

.7 

1.5 

Nitrates  (ppm) 

40 

12 

P (ppm) 

43 

37 

K (ppm) 

140 

171 

Zn  (ppm) 

3.9 

.3 

Fe  (ppm) 

36.4 

12.4 

GYpsun 

.9 

.9 

Cu  (ppm) 

.78 

.36 

Lime 

Lew 

Low 

Orgcinic  Matter  (%) 

2.2 

1.2 

1975 

1975 

1975 

1975 

12-18 

18-24 

24-30 

30-36 

7.6 

7.8 

8.0 

8.1 

1.6 

.9 

1.6 

2.8 

9 

10 

12 

13 

45 

31 

41 

27 

196 

171 

174 

132 

.2 

.2 

.2 

.2 

9.4 

5.2 

4.3 

4.1 

.9 

.9 

.9 

.9 

.4 

.3 

.3 

.24 

Lew 

Lew 

Lew 

Lew 

.9 

.4 

.6 

.4 

Tadile  6f . Golf  Course  Irrigated  Turf  Areas  as  a Function  of 
D^jth  of  Sanple  (Turf  Behind  Green  16) 


Year 

1975 

1975 

1975 

1975 

1975 

1975 

Depth  (inches) 

0-6 

6-12 

12-18 

18-24 

24-30 

30-36 

pH  1:5 

7.1 

7.5 

7.6 

7.8 

7.7 

7.8 

Seilts,  nmhos/cm 

1.6 

2.2 

.8 

.6 

.5 

1.2 

Nitrates 

50 

25 

14 

15 

16 

13 

P (ppm) 

48 

5 

5 

11 

6 

2 

K (ppm) 

201 

91 

66 

53 

56 

54 

Zn  (ppm) 

2.4 

.4 

.4 

.2 

.3 

.2 

Fe  (ppm) 

40.0+ 

8.7 

13 

15.4 

10.8 

5.5 

Oypsixn 

.9 

.9 

.9 

.9 

.9 

.9 

Cu  (ppm) 

.95 

.26 

.21 

.14 

.22 

.22 

Lime 

Lew 

Lew 

Low 

Lew 

Lew 

Low 

Organic  Matter  (%) 

2.0 

.8 

.7 

.6 

.6 

.4 

I 


41 


MM 


Table  7a.  Forested  Area  (Control) 


D^Tth  (inches) 
pH  1:5 

Salts,  imhos/can 
Nitrates  (ppm) 

P (ppm) 

K (ppm) 

Zn  (ppm) 

Fe  (ppm) 

Gypsim 
Cu  (ppm) 

Lime 

Organic  Matter  (%) 


Table  7b.  Forested  Area  (Pre^  VJater  Irrigated) 


Table  7c.  Forested  Area  C 
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Table  7d.  Forested  Area 


t 
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Irrigation  Reaervoir  Sedijnent  Analysis 

In  order  to  determine  the  natvire  of  previous  inclusions  of  tie 
irrigation  water/  sediment  samples  were  collected  from  non-potable 
reservoir  4.  Non-potable  reservoir  4 was  selected  because  non-potable 
reservoir  2 had  an  aeration  system  and  was  difficult  to  core.  A 10  indi 


Table  8.  Sediment  Ancilysis  Non-Potable 
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Table  8.  Sediment  Aneilysis  Non-Potable 


DISCUSSION  AND  OONCLUSIGNS 


Observations  of  pine  trees  on  fre^  water  irrigated  sites  have 
identified  synptons  similar  to  those  observed  on  pine  trees  irrigated 
with  sewage  effluent.  These  observations  raised  the  question  of 
vrfiether  tree  stress  was  caused  1:^  inclusions  in  the  water  or  from  hi^‘ 
water  application  rates  vhich  produced  unfavorable  conditions  for  the 
pine  (i.e.,  hi^  soil  water  oontait  and  low  soil  oxygen).  Furthezmore, 
both  fresh  and  sevage  effluent  water  irrigated  soils  had  nutrient  and 
metal  concentrations  well  above  those  in  non-irrigated  forest  sites 
(see  Table  7) . 

The  data  in  Tables  5,  6,  and  7 demonstrated  aocixnulations  of 
nutrients  (e.g. , phosphorous  and  potassiixn)  and  of  several  micro 
nutrients  and  metals  (e.g. , copper,  zinc,  iron,  manganese,  calcivm, 
magnesivm,  sodium,  and  sulfates) . Note  that  zinc  on  Tee  17  increased 
from  5.26  ppm  in  1970  (Table  5a)  to  26.7  ppm  in  1976  (Table  6a).  Ccm- 
peurisons  between  non-irrigated  areas  (0.6  ppm  zinc)  in  1975  (Table  7a) 
and  the  data  from  Green  16  (35.5  ppm  zinc)  in  1976  (Table  6d)  were  even 
more  dramatic.  Reliable  quantitative  records  for  such  management 
practices  (eis  fertilization  or  physiceil  modification)  were  not  avedlable. 
Therefore,  at  this  time  it  is  not  possible  to  determine  vhether  observed 
changes  were  due  to  effluent  irrigation  or  to  the  enployed  management 
practices. 

The  water  data  (Table  3),  calculated  explication  rates  (Table  4) , and 
the  sediment  analysis  (Table  8)  all  indicated  leupge  iiput  of  macro- 
nutrients, miczonutrients,  and  meteds.  These  data  sipported  the 
hypothesis  that  the  buildup  in  soil  ooncentrations  of  these  inclusions 
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since  1964  vieie  due  to  irrigatloin  with  sewage  effluents. 

Increnent  bore  sanples  in  both  grass  sites  (Table  6)  and  in  the 
forested  sites  (Table  7)  denonstrated  selective  retention  of  macro- 
nutrients  and  trace  metals  within  the  soil  profile.  Per  exanple,  zinc 
in  the  irrigated  forest  area  near  Green  16,  decrecised  from  12.5  ppm  in 
the  top  0-3  inch  sanple  to  0.4  ppm  in  the  15-18  inch  sanple  (Table  7c) . 
In  the  irrigated  turf  areas  the  stratification  vgas  even  more  pronounced. 
FOr  exemple,  on  Tee  17,  zinc  concentration  decreased  feon  26.7  ppm  in 
the  bop  0-3  inch  increment  to  0.8  ppm  in  the  9-12  inch  increment 
(Table  6a) . 

The  literature  (2)  on  Poa  annua  indicated  that  this  shadlcw  rooted 
species  preferred  hi^  phosfhate,  frequent  vratering  and  short  mowing. 
Therefore,  the  management  piectices  necessary  to  naintain  an  outstanding 
golf  course  and  the  high  nutrient  content  of  the  irrigation  water  may 
have  oonbined  to  cause  the  cS>served  spread  of  Poa  annua. 

In  conclusion,  at  the  Eisenhower  Golf  Course,  land  application  of 
sewage  effluent  resulted  in  the  soil  accunulation  of  nvmerous  minerals. 
The  concentration  of  these  minerals  was  inversely  related  bo  soil  depth. 
It  was  not  determined,  however,  vhether  the  increased  mineral  conbait 
was  actual  ly  responsible  for  the  observed  changes  in  vegetative  growth 
and  development.  Further  investigations  of  the  eoologiced  impact  of 
land  application  of  sewage  effluent  is  warranted. 
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